ABSTRACT
INTRODUCTION 52
It is well established that physical activity (PA) -which includes structured exercise -is 53 beneficial for patients with cystic fibrosis (CF), with increased PA being associated with higher 54 levels of aerobic fitness (1) and slower rates of decline in lung function (2). Patients are 55 therefore recommended to remain physically active and exercise frequently, with global PA 56 guidelines of 150 minutes of moderate-vigorous PA (MVPA) per week for adults, and 60 57 minutes of MVPA daily for children also being appropriate for patients with CF (3). However, 58 adherence rates to treatment (including exercise) are variable (4) and it has subsequently been 59 suggested that supervision of exercise, and its subsequent incorporation into the home 60 environment, could improve adherence (5). 61
62
Telehealth technologies, including video-calling software such as Skype, self-care and 63 monitoring applications can potentially change how patients with CF engage with healthcare 64 services and reduce burden of care (6), improve monitoring (7) and potentially reduce costs 65 associated with healthcare delivery (8). Furthermore, factors that may negatively affect health 66 outcomes, such as risk of cross-infection (9) could potentially be overcome by the use of 67 telehealth systems. 68
69
Previous research suggests that patients with CF are willing to adopt and utilise such telehealth 70 technology (10), and that use of an online platform to engage patients in PA is feasible and 71 acceptable (11). Furthermore it feasible for both patients and practitioners to assess exercise 72 capacity remotely (12). Whilst this data provides evidence for the feasibility of remote 73 monitoring of PA and exercise capacity, the feasibility of delivering a supervised exercise 74
intervention is yet to be explored. 75
Exercise sessions were intended to be 30 minutes in duration, as per national PA guidelines 127 (3). All sessions were undertaken in participants own home, on a one-to-one basis with the 128 exercise therapist. Content of each session was personalised to each participant for the purposes 129 of this study, dependent on equipment available in participants homes. Some participants 130 utilised equipment such as bikes and treadmills, with others using free-weights, resistance-131 bands or body-weight exercises. The frequency, intensity and timings of exercises throughout 132 the sessions were aligned with participants own preferences and capabilities, although a broad 133 'interval' approach to exercises was adopted as this has shown to be beneficial to individual 134 with CF (15), and provides regular breaks for individuals to recover. 135 136
Anthropometric and Pulmonary Measures 137
Stature was measured to the nearest 0.1 cm (Holtain stadiometer, Crymych, UK) and body 138 mass to the nearest 0.1 kg (Seca, Birmingham, UK), with body-mass index (BMI) subsequently 139 calculated. Body-fat percentage (and subsequent fat-free mass) was identified using bio-140 electrical impedance (Quadscan 4000; Bodystat, Douglas, Isle of Man). Estimates of arterial 141 blood oxygenation (SaO2) were recorded using a pulse-oximeter (Nellcor; Medtronic, 142 Minneapolis, USA Of the participants to undertake exercise sessions, compliance was variable. A total of 88 184 sessions were booked with participants, with 59 being attended by participants. Individual 185 compliance varied from 3/9 sessions (33%) to 10/10 sessions (100%) (mean = 68%). Of the 29 186
sessions not attended, reasons included: illness (n = 13 [45%]; including 9 missed by one 187 participant's exacerbation leading to admission); work-related commitments (n = 8; 28%), 188 school-related commitments (n = 2; 7%), unexplained non-attendance (n = 2; 7%), transport 189 (to home) issues (n = 2; 7%), participant cancellation (n = 1; 3%) and vacation (n = 1; 3%). participants and 'OK' by 4/7 (57%) participants. Video quality was rated 'good' by 4/7 (57%) 211 participants and 'OK' by 3/7 (43%) participants. 212 213 A total of 22 technical issues were reported by staff administering the intervention, for 15/59 214 (25%) sessions. As a proportion of the number of issues, these included connection issues (n = 215 8; 36%); delays/lags (n = 7; 32%); as well as visual (n = 4; 18%) and sound (n = 3; 14%) 216 problems. Technical issues resulted in three video-calls (5% of total) being cancelled. 217 218
Participant Feedback 219
Participants found using Skype for exercise useful, with ratings ranging from 7/10 -10/10 220 (mean = 9/10). Overall satisfaction ratings, with regards to taking part in this research study, 221 included: 'excellent' (n = 2; 29%), 'very good' (n = 3; 43%) and 'good' (n = 2; 29%). All 222 participants (7/7; 100%) stated they would be happy to take part in future research studies. Table 1 , with subsequent changes in body size and lung 257 function, PA and QoL included in Tables 1, 2 and 3 respectively. The study was not powered 258 to detect changes in these outcomes and no changes were seen across all variables during the 259 course of the study. 260
261
The majority of data was collected at each visit without issue. However, of the seven 262 participants providing follow up data, one did not undertake body composition at 8-weeks, and 263 three SaO2 measures (one at 8-weeks, 2 at 12-weeks) were missed; all due to non-availability 264 of equipment. Furthermore, for PA data, of the seven participants providing follow up data, 265 seven (of 21; 33%) PA measures across the three time points (4, 8, 12 weeks) were missed. 266
These seven missed measurements were due to one participant not wearing the accelerometer 267 (i.e. non-compliance, n = 3; 43%), and the remaining four due to equipment error (n = 2; 29%), 268 inpatient admission (n = 1; 14%) and loss within the postal service when returning 269 accelerometer to study team (n = 1; 14%). 270 271 272
DISCUSSION 273
The purpose of this study was to assess the feasibility and acceptability of using video-calling 274 technology to implement exercise programmes to engage patients with CF in exercise training.
Many different aspects of feasibility can be assessed to evaluate new interventions, and this 278 study focused on the demand, implementation, practicality and acceptability (21). 279 280
Demand and Implementation 281
For assessment of demand and implementation, outcomes of interest include the actual use of 282 the programme and the degree of execution -characterised by the number of participants to 283 complete the study and number of sessions completed. 284
285
As with any exercise intervention, a loss of study participants is to be expected, and the 286 withdrawal of two participants (22%) in the present study is comparable to previous training 287 interventions in people with CF, both in terms of percentage of participants (4/18; 22% (22)) 288 and absolute numbers (13). Therefore, given the self-reported reasons of 'time commitments' 289 from participants as reasons for withdrawal, and comparable attrition rates to other studies, it 290 can be concluded that use of Skype itself is not a contributory factor in withdrawing from this 291 intervention -a reason for withdrawal that has been previously reported in people with chronic 292 obstructive pulmonary disease (COPD) (23). 293
294
In addition to withdrawals, 32% of appointments were missed by remaining participants for 295 various reasons, a lower rate than that seen when using Skype to deliver exercise for chronic 296 knee pain (24). These reasons were related to lifestyle and environmental factors that could 297 feasibly interfere with any intervention (e.g. work commitments) and were not related to the 298 use of Skype or the internet itself. This provides further evidence that the use of a Skype is a 299 feasible platform for use when remotely delivering an exercise intervention. 300
In order to assess practicality, the ability of participants to carry out the intervention must be 303 considered. Within this study, there were multiple technical issues associated with using Skype, 304 such as connection issues and audio/visual problems. However, these issues were not mutually 305 exclusive and multiple issues could (and did) occur per video-contact session, thus reducing 306 the total number of affected sessions. The 25% of sessions that were affected is a lower rate to 307 that previously reported for an online Yoga intervention for people with COPD and heart 308 failure (25), although the issues are similar (e.g. visual lags). 309 310 Individual participants used varying platforms, and connection modalities, to operate Skype 311 and yet all participants reported at least one technical issue. Therefore, no single connection 312 mode or user platform can be associated with technical issues. Furthermore, as only 5% of calls 313 were cancelled as a result of technical issues, this suggests that use of Skype as a delivery 314 modality for exercise sessions is practically feasible. This is supported by previous use of 315 telemedicine in CF in the United Kingdom (UK), whereby connection problems have delayed 316 delivery of the intervention, but do not appear to have negatively affected the acceptability of 317 remote monitoring (26). Given the increased government investment in internet infrastructure 318 in the UK (27), it is likely such technical issues associated with video-calling will reduce in the 319 future, further increasing the feasibility of this intervention modality. The findings of the present study have implications for clinical practice, by identifying issues 376 associated with a platform that has the potential to overcome geographical barriers and reduce 377 cross-infection risks. 378 379
Study Limitations 380
The small samples size (due to the feasibility driven approach of this investigation) will limit 381 the utility of findings to further groups of individuals with CF, although the findings can be 382 used to statistically power future studies. Furthermore, the variances in the types of exercise 383 undertaken by each participant has the potential to bias results. Whilst a uniform training 384 regimen would alleviate such bias, it would remove the personalised approach to each training 385 regimen that can improve acceptance and adherence. This therefore, provides a challenge for 386 future researchers to accommodate this trade-off between uniform and personalised approaches 387 to exercise prescription. 388
389
In conclusion, this feasibility study demonstrated that use of Skype as a telehealth platform can 390 be successfully used to engage patients with CF in a personalised exercise regimen, and that 391 the participants in this study responded positively to this approach. Future research is warranted 392 to identify whether the utility of this delivery modality can effectively improve health and 393 physical function in CF. physical activity in at least 10-minute bouts predicts better lung function after 3-years in adults 
All valued are presented as means (SD). a: Baseline values for six participants, accounting for 513 all individuals to complete study (n = 7), and loss of data due to non-wear of accelerometer (n 514 = 1). b: 4-weeks only includes four participants due to withdrawal (n = 2), non-wear of 515 accelerometer (n = 1), inpatient admission unrelated to interventions (n = 1), and loss of 516 accelerometer within postal system (n = 1). c: 8-weeks only includes six participants due to 517 withdrawal (n = 2) and non-wear of accelerometer (n = 1). d: 12-weeks only includes four 518 participants due to withdrawal (n = 2), equipment error (n = 2), and non-wear of accelerometer 519 All valued are presented as means (SD). a: Baseline values for six participants, accounting for 532 all individuals to complete study (n = 7), but failure of one participant to complete baseline 533 QoL (n = 1). b: 8-weeks only includes six participants due to withdrawal from study (n = 2) 534 and loss of QoL questionnaire within postal system (n = 1). c: 12-weeks only includes seven 535 participants due to withdrawal from study (n = 2). Thank you for your help.
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